Abstract Studies have demonstrated that episodic memory (EM) is often preferentially disrupted in schizophrenia. The neural substrates that mediate EM impairment in this illness are not fully understood. Several functional magnetic resonance imaging (fMRI) studies have employed EM probe tasks to elucidate the neural underpinnings of impairment, though results have been inconsistent. The majority of EM imaging studies have been conducted in chronic forms of schizophrenia with relatively few studies in early phase patients. Early phase schizophrenia studies are important because they may provide information regarding when EM deficits occur and address potential confounds more frequently observed in chronic populations. In this study, we assessed brain activation during the performance of visual scene encoding and recognition fMRI tasks in patients with earlyphase psychosis (n=35) and age, sex, and race matched healthy control subjects (n=20). Patients demonstrated significantly lower activation than controls in the right hippocampus and left fusiform gyrus during scene encoding and lower activation in the posterior cingulate, precuneus, and left middle temporal cortex during recognition of target scenes. Symptom levels were not related to the imaging findings, though better cognitive performance in patients was associated with greater right hippocampal activation during encoding. These results provide evidence of altered function in neuroanatomical circuitry subserving EM early in the course of psychotic illness, which may have implications for pathophysiological models of this illness.
Background
Cognitive dysfunction is a core, pathophysiologic dimension of schizophrenia that is present in more than 70 % of patients (Palmer et al. 1997) . Cognitive deficits have been observed in multiple domains, including abstraction, attention, language, and memory (Saykin et al. 1991) , and these deficits have been associated with impaired vocational and social functioning (Friedman et al. 2001; Harvey and McGurk 2000) . Cognitive impairment is evident at the time of illness onset and persists throughout the course of illness (Green 1996; Green et al. 2000; Pantelis et al. 2003; Saykin et al. 1994; Sponheim et al. 2010) .
Episodic memory (EM) is an important cognitive domain that has been shown to be impaired in schizophrenia (Achim and Lepage 2003; Aleman et al. 1999; Danion et al. 2007; Gold et al. 1992; Leavitt and Goldberg 2009; Snitz et al. 2006) . EM combines event-specific autobiographical experiences and information regarding the context in which events took place (Danion et al. 2007) , aiding in making decisions and guiding actions in the present. Normal EM engages prefrontal, medial temporal, and parietal regions (Burgess et al. 2002; Cohen et al. 1999; Shallice et al. 1994; Tulving 1972) , which have all been implicated in the pathophysiology of schizophrenia (Fallon et al. 2003; Kelsoe et al. 1988) suggesting that EM may be a useful probe of key circuits underlying this illness. Studies indicate that patients with schizophrenia may exhibit broad impairments in EM (Tracy et al. 2001) , with deficits occurring during encoding and retrieval with both visual (Heinrichs and Zakzanis 1998) and verbal (Flor-Henry 1990; Taylor and Abrams 1984) tasks.
The mechanisms underlying impaired EM in schizophrenia are unclear. Several imaging studies have investigated the neural correlates of EM dysfunction in schizophrenia and have reported alterations in prefrontal (Barch et al. 2002; Kubicki et al. 2003; Ragland et al. 2001 Ragland et al. , 2004 Ragland et al. , 2009 , medial temporal (Achim and Lepage 2005a; Hofer et al. 2003; Leube et al. 2003; Ragland et al. 2001 Ragland et al. , 2004 , and parietal (Hofer et al. 2003 ; Lepage et al. 2010; Wiser et al. 1998) cortices. However, the EM functional magnetic resonance imaging (fMRI) literature contains a number of inconsistencies. For example, while the prefrontal cortices mediate normal EM performance, EM fMRI studies report prefrontal hypo-activation (Achim and Lepage 2005b; Allen et al. 2011; Eyler Zorrilla et al. 2003; Heckers et al. 1998; Hofer et al. 2003 ) and hyperactivation (Bonner-Jackson et al. 2005; Stolz et al. 2012) in patients with schizophrenia. These inconsistencies are not well accounted for but may be related to task differences, small sample sizes, confounding effects of psychotic symptomatology and poor attention, and differences in patient characteristics.
The vast majority of EM fMRI studies have been conducted in patients with chronic forms of schizophrenia, with a relative paucity of studies in early phase patients (Allen et al. 2011; Stolz et al. 2012) . It is important to study early phase schizophrenia because these studies may be informative to determine the onset of neural changes that underlie EM impairment in schizophrenia. In addition, early phase patients, compared to chronic patients, tend to have fewer and less severe comorbidities, shorter durations of antipsychotic treatment, and lower severity of illness, all of which have the potential for impacting data interpretation.
In this study, we assessed brain activation patterns during performance of visual scene encoding and recognition fMRI tasks in patients with early phase psychosis (EPP) (n=35) and matched healthy control subjects (n=20). Patients had symptom assessments to address potential confounding issues related to this illness. We hypothesized that patients would demonstrate decreased activation during encoding and recognition in the main areas that mediate EM function, namely the hippocampus, prefrontal, and parietal cortices.
Methods

Participants
Subjects were recruited through the Indiana University Psychotic Disorders Program, within the Indiana University School of Medicine. After receiving an explanation of study procedures, subjects gave their written informed consent prior to enrollment. Thirty-five patients, ages 18-35, were enrolled, all within the first 5 years of psychotic illness onset, and with diagnoses of schizophrenia (n=26), schizophreniform disorder (n=4), or schizoaffective disorder (n=5, 3 bipolar type and 2 depressed type) as determined by the Structured Clinical Interview for DSM-IV (SCID) (First et al. 2002) . One patient with schizoaffective disorder was noted to have had clinically significant depressive symptoms within the month prior to enrollment in the study, while all others were without significant affective symptoms for at least one month prior to the time of study entry. All patients were on antipsychotic medication, including aripiprazole (n = 1), clozapine (n = 1), quetiapine (n=3), paliperidone (n=11), risperidone (n=12), olanzapine (n=5), lurasidone (n=2), and ziprasidone (n=1). Seven patients were on antidepressant medication while one patient was on a mood stabilizer (valproate). Two patients were taking benztropine, two were prescribed clonazepam, and one was prescribed dextroamphetamine/amphetamine mixed salt. These patients were instructed to withhold these medications for 24 h prior to the MRI and cognitive tasks due to potential confounding effects. Patients were determined to be clinically stable at study entry by research psychiatrist (MMF, EL, AB) evaluation. Controls were recruited from the community via word of mouth or print media and were determined to be without history of psychiatric disorder as determined by SCID interview. Controls were group matched with patients on age, sex, and race.
Procedures
At baseline, demographic information and medical history were reviewed. Patient and control groups were administered the Positive and Negative Syndrome Scale (PANSS) (Kay et al. 1987 ) and the Brief Assessment of Cognition in Schizophrenia (BACS) (Keefe et al. 2008) by raters who were extensively trained and consistently achieved inter-rater reliability (intraclass correlation) scores on the PANSS between .83 and .95. These measures were used to determine if symptom levels and global cognitive function, respectively, were related to activation patterns. Subjects performed visual scene encoding and recognition EM tasks during fMRI (Detre et al. 1998; Killgore et al. 1999) . Before the scan, subjects were instructed on each task, and practice trials were provided to ensure that directions were understood. Instructions were repeated to subjects immediately prior to each task (i.e., in the scanner). Images were presented and button responses during recognition recorded using Presentation software (each task lasted 5:15).
During the encoding task, subjects viewed complex neutral scenes one at a time and were instructed to remember as much as they could about each image for later recognition testing.
Images were shown in a block design with interleaved 36-s image and control blocks. Image blocks consisted of nine separate consecutive images, each displayed for 3.5 s, with an inter-stimulus interval (ISI) of 500 milliseconds (ms). A total of 36 scene images were shown. Control blocks consisted of a retiled image, repeatedly displayed at the same rate. Subjects were instructed not to press any buttons during the encoding phase.
The recognition task was a separate event-related fMRI paradigm administered immediately after the encoding phase. During the recognition task, subjects were shown the 36 scenes from the encoding phase (targets) intermixed with 36 new (foil) scenes. These images were displayed consecutively in a pseudorandomized manner, each for 3.5 s with an ISI of 500 ms. Subjects were instructed to indicate, via button press, whether each displayed image was previously seen (target) or new (foil). Button-press responses were recorded to assess reaction time and accuracy.
MRI data acquisition
This study was conducted on a Siemens 3 T Tim Trio scanner. First, high-resolution magnetization prepared rapid acquisition gradient-echo (MPRAGE) scans were acquired, comprised of 160 sagittal slices with voxel dimensions 1×1× 1.2 mm (mm). During functional activation scans, bloodoxygen level-dependent (BOLD) signal was measured using a T2*-weighted gradient echo-planar imaging (EPI) sequence, with 39 interleaved axial slices, TR/TE of 2250/29 ms, flip angle of 79°, field-of-view 220×220 mm, and a voxel size of 2.5×2.5×3.5 mm. In addition, a field-mapping scan with slice characteristics identical to the functional scans was made to correct for potential inhomogeneities in the magnetic field.
Data analysis
Behavioral analysis
Scoring distinguished among correct target responses, correct foil responses, incorrect target responses, and incorrect foil responses. Independent group t-tests were used to analyze reaction time and accuracy to target and foil scenes during the recognition task.
MRI analysis
Each functional BOLD time-series underwent standard preprocessing and was analyzed using AFNI software (Cox 1996) . Preprocessing included correction for magnetic inhomogeneities with a dewarping method via FSL software (http://www.fmrib.ox.ac.uk/fsl), correction for motion by aligning each functional measurement to the initial time point, smoothing with a 6 mm full-width at half-maximum (FWHM) Gaussian kernel, and utilizing a "despiking" algorithm to smooth time-series outliers.
For each task, a general linear model was employed to quantify the BOLD response to each condition. Regression coefficients for conditions of interest were measured and contrasted within each individual. For encoding, block designs were convolved with a hemodynamic response function (HRF) to quantify the time-series for scene and control conditions, with scene vs. control contrasts the primary measure of interest. For recognition, an event-related design was employed, with target and non-target images separately modeled for correct and incorrect responses (creating four distinct conditions) and convolved with the HRF. For recognition we were able to utilize the event-related design to separate correct and incorrect responses to target and non-target scenes. Correct target vs. correct non-target coefficients were then contrasted for each participant. By analyzing correct responses only we were able to ensure activation differences were not due to factors unrelated to recognition processes such as poor attention to task.
For group analyses, individual results were transformed to a standardized brain (Talairach and Tournoux 1988) , and group t-tests of regression contrasts were performed. An individual voxel value of p<.01 indicated significance, with Monte Carlo analyses indicating that clusters of 110 voxels corrected for multiple comparisons at p<.05 across the entire brain. Planned correlations were performed within the patient population between mean activity in significantly different clusters and PANSS total, positive, and negative symptom subscale scores and BACS composite t-scores.
A variety of quality control measurements were employed. First, functional time points with motion >3.5 mm displacement were censored, along with the previous and two subsequent time points. Subjects with >10 % of time points censored were excluded from analysis. In addition, we quantified the average time-series variance across the entire brain to identify potential outliers that indicated abnormally low signal-tonoise ratios, representative of artifact due to participant motion or scanner noise. Finally, any subject with ≥25 % nonresponses during recognition task performance was excluded from analysis due to failure to attend.
Results
Thirty-five patients with EPP (26 with schizophrenia, 4 with schizophreniform disorder, and 5 with schizoaffective disorder), who had a mean (SD) duration of illness of 19.4 (18.7) months, and 20 healthy controls participated in the study. The groups were matched for age, sex and race but the controls had higher parental socio-economic status (SES) ( Table 1) . Because of failure to meet the quality control methods noted above, seven patients and three controls were excluded from each analysis. However, the patients excluded from analysis of each task were not the same, so the final patient samples for each task (supplement Tables 1 and 2) were not identical: data from four patients were excluded from both analyses, and data from six patients were excluded from only one analysis (three from each). The control sample in each task was identical.
Nonetheless, the groups for each task were largely overlapping and remained matched on age, sex, and race. As expected, patients had significantly higher PANSS scores and significantly lower BACS composite scores than controls (Table 1) . There were no significant differences between subjects included and excluded from encoding analysis in any demographic variables. There was a higher proportion of males in the included versus excluded group during recognition (χ 2 =2.0, p= 0.003). There was also a significant difference in PANSS score between patients included and excluded in recognition analysis, with excluded patients having a greater overall PANSS score (t=2.1, p=0.05).
Behavioral performance
Performance during the recognition task was examined via repeated-measures ANCOVA tests (group by condition) with sex and SES scores considered as covariates (with only patients included in fMRI analysis) (see Table 2 for performance data). Patients were less accurate in their responses overall (Main effect of group: F(1, 41) = 11.62, p=.001), with a trend for poorer accuracy to target images (Group x condition interaction: F(1, 41) = 3.19, p=.08). In addition, patient reaction time was significantly slower during responses (Main effect of group: F(1, 41) = 13.61, p=.001), particularly during foil images (Group x condition interaction: F(1, 41) = 6.22, p=.02) compared to controls. Examining only patients included in the encoding task yielded results identical in nature.
fMRI results
Scene encoding
For both groups, activation (scene > control) during the encoding task was consistent with a well-established network of structures associated with visual processing and EM, including the bilateral visual cortex, prefrontal, and hippocampal regions (Table 3 ; Fig. 1 ). Activation was also observed in supplementary motor, precuneus, posterior cingulate, left inferior parietal, and cerebellar areas in both groups. The patient group also demonstrated significant right inferior parietal and right insula activation.
Comparing groups, patients demonstrated significantly lower BOLD response when encoding images in the right hippocampus and left fusiform gyrus (Table 3 ; Fig. 1 ). There was no region where significantly greater activation was observed in the patient group compared to controls. Inclusion of overall recognition accuracy as a covariate did not significantly change the pattern of findings.
Within the patient group, BACS composite t-scores were positively correlated with activity in the hippocampal cluster during encoding (r(27) = .47, p=.01; Fig. 2 ), though no significant relationship was present in the control group. In other 1253 (25) 1033 (14) Foil RT, ms (SD) 1310 (27) 978 (13) SD standard deviation; RT reaction time; ms milliseconds words, patients with better cognitive performance had activity more like controls in these regions. No relationship was found between illness duration, overall PANSS score or positive/ negative subscale scores and activity in either of the significantly different clusters, indicating that duration or severity of symptomatology was unlikely to influence activation during EM encoding.
Scene recognition
During the recognition task, the control group showed greater activation to correct target relative to non-target images in the precuneus, posterior cingulate cortex (PCC), and medial and lateral prefrontal cortex. Greater activation to target versus non-target images was also demonstrated in the visual cortex, cerebellum, and insula. The patient group demonstrated a similar pattern of activation in these regions for targets relative to non-targets, albeit with smaller clusters of activation (Table 4 ; Fig. 3) . A direct contrast between groups (controls (correct target > correct foil) vs. patients (correct target > correct foil)) revealed that patients had a significantly attenuated cortical response in two clusters during correct recognition of target scenes: the PCC and precuneus and the left middle temporal cortex. There was no region where greater activation was observed in the patient group. Within the patient group, activity in these clusters was not correlated with illness duration, PANSS or BACS scores. There were no associations between reaction time or accuracy and activation in significant clusters in either patient or control groups during recognition task performance.
Discussion
The current study employed a visual EM task during fMRI to examine the neural correlates of encoding and retrieval in patients with EPP compared to matched healthy controls. Both patients and controls demonstrated activation of frontal, temporal, and parietal regions that are known to subserve EM function (Spaniol et al. 2009; Tulving 1972; Tulving et al. 1994) . While encoding visual scenes, patients exhibited These findings demonstrate a pattern of alteration in hippocampal, parietal, and temporal activity during EM processes in patients with EPP. Contrary to our study hypothesis, we failed to find altered prefrontal activation effects in patients with EPP when compared to controls. Similar to our results, several previous EM studies have reported decreased hippocampal activation during encoding, as noted in a recent meta-analysis (Achim and Lepage 2005a) . Other studies have failed to find decreased hippocampal activity (Allen et al. 2011; Ragland et al. 2001; Stolz et al. 2012 ). This discrepancy may be related to differences in sample characteristics and design issues, such as level of task difficulty and visual versus verbal EM.
The hippocampus plays a key role in memory encoding (Leavitt and Goldberg 2009; Ranganath 2010; Spaniol et al. 2009; Tulving 1972 ). This structure is believed to participate in the creation of new memory associations to assist with information storage and retrieval (Cohen et al. 1999) . Altered hippocampal response in individuals with schizophrenia may reflect dysfunctional binding mechanisms and ultimately less efficient encoding (Achim and Lepage 2005a; Eyler Zorrilla et al. 2003) . Interestingly, we observed an association of the BACS composite score with hippocampal activation which may suggest that global cognitive performance deficits could be related to hippocampal dysfunction, as documented in previous work (Heckers et al. 1998; Jessen et al. 2003; Ongur et al. 2006) . Notably, the association of BACS composite score with hippocampus activity during encoding was only present in the patient group. The lack of a correlation in the healthy sample may indicate that activity above a certain threshold does not reflect a higher level of cognition. In other words, proper hippocampal function may be necessary for a basic cognitive capacity while enhanced capability may be driven by other regions. Episodic memory encapsulates a facet of cognitive function that is particularly impaired in schizophrenia (Danion et al. 2007; Leavitt and Goldberg 2009) and in which the hippocampus plays a key role. It is possible that impairment in separate aspects of cognition (e.g., working memory, attention) are not driven primarily by this region. We also observed decreased activation of the fusiform gyrus in patients versus controls during encoding. While the fusiform gyrus may play a lesser role in the actual encoding of information, the region has been implicated in the perception and identification of objects, scenes, and faces (Gabrieli et al. 1997; Haxby et al. 1994; Kanwisher et al. 1997) . Thus, its function may be important for effective memory encoding and may suggest some significance for this finding, which should be explored in future research.
During recognition we observed decreased activation in the precuneus, PCC, and left middle temporal cortex. Other investigators have found altered precuneus function in cognitive studies in schizophrenia. A positron emission tomography (PET) study examining new object recognition in patients with schizophrenia observed increased precuneus activation (Heckers et al. 2000) , while a fMRI study by Ragland and colleagues demonstrated increased right precuneus activation in a group of patients versus controls during a word recognition task (Ragland et al. 2004 ). More recently, Lepage et al. examined activation during the correct identification of target items and rejection of distractor items, finding similar precuneus activation in patients and controls but higher nearby superior parietal activity in the control group during successful retrieval (Lepage et al. 2010 ). Cabeza and associates suggested that the precuneus may be involved in the support of retrieval search, monitoring, and verification (Cabeza et al. 2008 ). The precuneus is active when individuals view familiar information, potentially to help direct resources to the proper internal representations (maintained via hippocampalprefrontal interactions) (Cavanna and Trimble 2006) . The precuneus has also been identified as an important node in Fig. 3 Activation during Recognition task. The control sample had significantly greater activity (target-foil) than the patient sample in precuneus, posterior cingulate, and left inferior parietal lobe. Images depict voxels significant at p<.01 in contiguous clusters of at least 110 voxels, correcting for multiple comparisons at p<.05 modulating default mode and attentional networks (Fransson and Marrelec 2008) and has been shown to have altered activation in default mode network (DMN) studies of schizophrenia (Hulvershorn et al. 2014) . Altered function in the precuneus could be related to deficient EM functioning in various ways, including an impaired ability to make accurate assessments of familiarity. Disrupted precuneus function may also impair attentional networks, which could prove problematic for individuals attempting to retrieve previously encoded information.
Decreased PCC activity during EM retrieval in schizophrenia was observed in a recent meta-analysis (Ragland et al. 2009 ). PCC activation has been associated with retrieval of autobiographical memory retrieval and has been shown to be active during the retrieval of standardized memory stimuli when successful memory retrieval is examined (Maddock et al. 2001 (Maddock et al. , 2003 . Altered function of this structure may likely be related to impaired EM in schizophrenia.
We hypothesized that schizophrenia would be related to hypo-function of the prefrontal cortex during EM but failed to find differences between patients and controls. Both the patient and control groups displayed increased prefrontal activation indicating this brain region was engaged during the task. While numerous studies report decreased prefrontal activation during EM performance in schizophrenia (Achim and Lepage 2005a; Ragland et al. 2009 ), others have not. In fact a number of investigators have reported hyper-activation of the prefrontal cortex compared to controls (Bonner-Jackson et al. 2005; Stolz et al. 2012) . Stolz et al. (2012) was one of the few studies enrolling early phase patients with schizophrenia and they found increased frontal activation. It is tempting to speculate that EM related frontal hypo-function may arise later in the illness as the previously reported findings of prefrontal hypofunction come predominately from studies enrolling chronic patients (Achim and Lepage 2005a; Ragland et al. 2004 Ragland et al. , 2009 . Future longitudinal studies with serial scanning are needed to address this issue.
Our study is noteworthy for focusing on early phase patients with a mean duration of illness of 19.4 months. There are relatively few early phase EM fMRI studies in the literature. Allen and colleagues examined verbal EM in individuals with prodromal symptoms of psychosis, finding frontal and parahippocampal, but not hippocampal, activation in patients during encoding (Allen et al. 2011) . They did observe altered hippocampal activation during recognition, with increased activation observed in controls and patients during correct recognition and incorrect recognition, respectively. A study by Stolz et al. examined EPP patients, their first-degree relatives, and matched controls and did not detect any activation differences in these groups during visual EM encoding. They did observe increased BOLD response in the prefrontal cortex, the thalamus, and the insula of patients when compared to relatives and controls during recognition (Stolz et al. 2012) . Clearly, inconsistencies exist even within early phase populations. There may still be an effect of illness duration, as the average duration of illness in the Stolz study was over 2 years longer than in the present work. Here, we found no association between illness duration and activity in significant different clusters, providing evidence that these abnormalities did not substantially progress with time (although this was not a longitudinal design). Thus, additional work must clarify whether these functional changes arise quickly with the onset of psychosis and then stabilize, or if progressive changes are more apparent beyond the first 5 years of illness.
It is important to also consider diagnostic heterogeneity in patient populations when comparing these studies. The study by Allen et al. included individuals with prodromal symptoms and it is unclear what proportion of these subjects ultimately went on to develop a psychotic illness (Allen et al. 2011) . The study by Stolz and colleagues was similar to the current work in terms of diagnostic breakdown, including individuals with schizophrenia (n=15) or schizoaffective disorder (n=7; subtype unclear) (Stolz et al. 2012 ). Diagnostic differences could contribute to discrepancies between previous findings and the current work. Certainly, further investigation of EPP populations is warranted.
A number of caveats should be considered when interpreting the findings of this study. First, because no measure of engagement was used during the encoding task, the results reported here could be influenced by inattentiveness in the patient cohort. However, we observed activation in prefrontal, hippocampal and inferior parietal regions in the patient group during encoding, which suggests that patients were attentive during the encoding task. In addition, although we could not separate correctly or incorrectly encoded images, a limitation of the block design, analyses of BOLD signal change during encoding were reanalyzed covarying for recognition task accuracy (a measure dependent on successful encoding), which did not alter the primary findings. Further, we observed comparable activation of attention-related circuitry in patients and controls. For instance, no differences were present in the primary visual cortex, suggesting that attention to task and primary sensory responses were similar in both groups. Finally, in this study, analyses solely contrasted activity during correct trials, likely indicating that lower precuneus activity in patients was not solely due to poor encoding of these images. Because accuracy rates were so high for control subjects, it was not possible to compare activity during incorrect trials, so we cannot fully separate the contributions of the PCC and precuneus to successful (vs. unsuccessful) recognition and the degree to which abnormalities in these regions contribute to EM deficits. Future investigations can aim to better distinguish neural mechanisms underlying successful encoding from unsuccessful encoding. In this investigation, we opted for the greater signal-to-noise of the block design during the encoding task, at the expense of the inability to distinguish individual trials. In addition, the use of realistic natural images resulted in high accuracy rates that precluded a contrast of successful and unsuccessful trials during recognition. To separate successful and unsuccessful encoding and recognition, it is necessary to use a greater number of images, or images that are more difficult to remember, in an event-related design which would be important studies to conduct in future research.
An additional issue is that though patients were in the early phase of illness, as defined to be within the first 5 years, none were neuroleptic naïve. Though their antipsychotic exposure may be low relative to those with prolonged psychotic illnesses, it is difficult to say if antipsychotic drug exposure impacted the results. Reviews, including one in first-episode psychosis, have found that antipsychotic medication may have potential pro-cognitive effects Keefe et al. 1999 ). However, further work is needed to add to our understanding of the effect of antipsychotic medication on cognition in those with EPP. The potential impact of nonantipsychotic medication on these results was mitigated by the relatively low numbers of individuals taking anticholinergic medications which are know to impair cognitive performance (Campbell et al. 2009; Spohn and Strauss 1989) . Additionally, patients on non-antipsychotic medications with the potential to impact cognitive performance were instructed to hold these medications for 24 h prior to cognitive assessment and MRI. Allen's group (2011) of prodromal patients were neuroleptic naive and Stolz et al. (2012) included first-degree family members who were free of antipsychotic medications, which suggests medication status may not be a key determinant in EM fMRI results. Finally, the patient cohort had lower parental SES than controls, which may have been a factor influencing task performance.
In summary, we found decreased activation in EPP patients versus controls in the hippocampus and fusiform gyrus during EM encoding and in the precuneus, PCC, and left middle temporal cortex during recognition. These findings may be important in establishing what substrates are involved and when neuroanatomical changes associated with cognitive impairment begin. Examining patient populations in all states of disease progression helps characterize the course of cognitive dysfunction in schizophrenia. In particular, continued investigation into early stage illness is necessary to better understand the pathophysiology of these deficits.
